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Having thus described my invention, what I 
claim as new and desire to secure by Letters Patent 
is as follows: 

!. a vertical field effect transistor including 
a " semiconductor pillar conduction -channel ,-- 
gate electrodes in trenches adjacent said 
4 semiconductor pillar, 

. 5 a_iayp-r-of- ins.ul.ato r adjacent said gate. 



electrodes and opposite " said semiconductor piUar7" 
A 7 sidewalls adjacent said semiconductor pillar 

ffi 8 above said gate electrodes in said trenches, 

V 9 ' insulator material in said trenches above saxd 

gate electrodes and adjacent said sidewalls, -/said 
insulator material being selectively etchable 
relative to said sidewalls and said semiconductor 
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U ~\13 pillarj. 

J 2 A vertical /ransistor as recited in claim 1, 

03/ fur ther includ/g isolation material adjacent said 

/ 3 layer of [ins^lng material] and surrounding sax* 

nC 4 vertical transistor, said isolation material (being 

5 selective^ etchable relative to said layer of 

6 insulat^. 
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1 3. A vertical transistor as recited in claim 2, 

2 further including 

(A 3 a cont/ct formed in an opening said <j 

J H 4 isolation/material adjacent £aid insulatxng material J 

O0»*\ tola conductive region at an end of said pillagf. 



! 4 . AArertical transistor as recited in claim 1, 

2 further including 

3 a contact formed in an opening to an end of 
J 4 ¥ said pillar, and 

* 5 , ' a ~ n -^ in an opening adjacent to and 

extending above said pillar to said gate structure 
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and insulated from, said pillar by an insulating 



■rfti 



8 sidewall on said pillar. 

1 • 5 



1 . x . 5 . A vertical- transistor as recited in claim 1, 

2 further including 

3 a spacer in said trench between said gate 



4 



structure and a bottom of said trench. 
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An integrated ci/cuit device including 
isolation mater/al surrounding transistor 
locations in a substrate, 

vertical fieLQ effect transistors formed at 
said transistor locations and having a gate 
electrode struc/ure formed in a trench, 

a layer o/ insulator material in (said trenches j 

between said isolation material -and -said- gate 

electrode syfcucture, [said isolation material being 
selectively et enable relative to said -layer- -of — - 
^i-nsulatojdiana 



a co/itact opening formed along an interface of 
said la^4r of insulator material and said isolation 
materic 

7. A device as recited in claim 6, wherein said 
gate structure includes dual gate electrodes 
extending on opposite sides of a conduction channel. 

v8 . A device^ as recited in claim 6 , further 
including 

a co: 



t formed in said contact opening in 

said isolation material adjacent said (insulating] 
materia/ and extending to a conductive region 
extend/ng below said pillar. 
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1 9. A device as recited in claim 6, further 

2 including 

3 ' * 2%C a contact formed in an opening to an end of 

4 *0 said pillar, and 

5 l]C a contact formed in an opening adjacent to and 
6' ' extending above said pillar to said gate structure 

7 and insulated from said pillar by an insulating 

8 sidewall on said pillar.- - 

(> 

1 io . A device as recited in claim ^Slj, further 

=2 = including 



3 a spacer in said trench between said gate 

4 structure and a bottom of said trench. 

1 11 . A method of making a semiconductor device 

2 including a field effect transistor, said method 

3 including steps of 

4 forming a semiconductor pillar in a trench in a 

5 body of a first insulating material, said trench 

6 extending to a layer of semiconductor material, 

7 forming a layer of a second insulating material 

8 on walls' of said trench, and 

9 etching a contact opening to said semiconductor 

10 material through said first insulating material 

11 selectively and adjacent to said second insulating 

12 material. 
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1 12. A method as recited in claim 11, including 

2 further steps of 

3 forming a gate structure adjacent sides of said 

4 pillar, 

5 , forming layers and/or sidewalls of selectively 

6 etchable materials over said gate structure and said 

7 pillar, and 

8 • ' forming contact openings to an end of said 

9 pillar and said gate structure by selective etching 

10 of said layers at locaciuns duuvc aim aujov.^..^ 

.11, pillar, respectively. 



1 13. A method as recited in claim 11, including 

2 further steps of 

3 defining a height of said pillar by thickness 

4 of a layer of sacrificial material. 

1 14. A method as recited in claim 13, wherein said 

2 sacrificial material is germanium oxide. 

1 15. A method as recited in claim 11, wherein said 

• 2 step of forming said pillar is performed by 

3 epitaxial semiconductor growth in a trench. 

1 16. A method as recited in claim 11, wherein said 

2 step of forming said pillar is performed by etching 

3 of a layer of semiconductor material . 
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17. A method as recited in claim 11, including a 
further step of 

limiting a dimension of said pillar by a 
distance between isolation structures. 

18. A transistor ^comprising 
a substrate, 

a "first diffusion, ~ ~ 

a second diffusion above said first diffusion, 

a channel extending vertically between said 
f irs.t-dif fusion and said second diff usion, 

a gate structure extending on at least one side 
of said channel, and 

a contact to said first diffusion borderless to 

said gate structure. 

19. A transistor as recited in claim 18, wherein 
said transistor is a vertical transistor and wherein 
said first diffusion is formed in said substrate and 
said second diffusion is formed on the channel. 

0. A trans j/stor as recited in claim 18, wherein 
said gate extends on two sides of said channel . 

21. A transistor as recited in claim 19, wherein a 
contact to said gate extends above and on two sides 
of said second diffusion. 
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1 22. A transistor as recited in claim 19, further 

2 including separate contacts to separate portions of 

3 said gate structure on different sides of said 

4 channel . 

1 23 . A transistor as recited in claim 18, wherein 

2 said gate structure extends on at least three sides 

3 ~* of said channel . -■; - - - ~- 

~ . _.. ^ , - _ j _ j — ~a 4- *a A v\ /-i 1 -! n m t Q €"^i-bor: 

X "" " Z*t . K QclIiyXbLUl ab " iccxL-ca ±a ^-i-cu-m jtm-, -j. -w-.^ w--_ 

2 including a contact to said second diffusion 

3 borderless to said gate structure. 

1 25. A transistor as recited in claim 18, wherein 

2 said transistor comprises a pillar of single crystal 

3 silicon having an edge. 

1 26. A transistor as recited in claim 25, wherein 

2 said pillar comprises said first diffusion, said 

3 channel and said second diffusion, said gate 

4 structure extending adjacent said pillar. 

1 27. A transistor as recited in claim 26, wherein 

2 said first diffusion extends into single crystal 

3 silicon beneath said pillar and extends below said 

4 gate structure for formation of a contact adjacent 

5 said gate structure. 
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1 28. A transistor as recited in claim 26, further 

2 comprising 

3 an insulator adjacent said gate structure, 

4 wherein said contact to said first diffusion 

5 comprises a conductive layer adjacent said 

6 insulator. 

1 -"29V A transi-stor-as recited- in- claim 26 , - wherein. 
2 said gate structure is borderless to said second 

3 ' diffusion'. """ " " " ' " ' "* 



1 30. A transistor as recited in claim 26, wherein 
m 1 said contact to said second diffusion comprises a 
jjj 3 spacer self -aligned to said edge. 

■a 

§j 1 31. A transistor as recited in claim 26, wherein 

2 said pillar extends above said gate structure. 



32. A transistor as recited in claim 18, further 



2 comprising 

3 an isolation structure, wherein said transistor 

4 is self-aligned to said .isolation structure. 

1 33. A transistor as recited in claim 18, further 

2 comprising 

3 a contact between said first diffusion and 
' ^1 4 another, diffusion forming part of a second 

5 transistor, wherein said contact between said first 

6 diffusion and said another diffusion extends over 

7 insulation between said first transistor and said 

8 second transistor. 
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1 34. ^ transistor as recited in claim 33, whereii 

2 said insulation comprises an etched and deposite< 

3 isolation structure. 

JW^QS A transisto/ as recited in claim 32 wherein 
said substrate Comprises SOI having buried oxide 

3 / isolation and /herein said insulation comprises 
4~ "" buried oxide"/! 'sol at ion ." ""' 



! 36. A transistor as recited in claim 33, wherein 

0 sa id first transistor and said se cond transi stor ^ 
3. comprise an inverter and wherein said contact to 

4 said first diffusion is a contact to said inverter. 

1 37. A transistor as recited in claim 18, wherein 

2 said gate structure comprises a continuous interior 

3 wall entirely surrounding said channel and spaced 

4 therefrom by a dielectric layer. 

1 38. A transistor as recited in claim 18 wherein 

2 said gate structure is self -aligned to said channel. 

1 39. A transistor as recited in claim 18 wherein 

2 said first diffusion comprises a dopant species 

3 provided separately from said second diffusion. 

1 40. A transistor as recited in claim 18, wherein 

2 • said channel is of sub- lithographic width. 
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1 41. A transistor as recited in claim 18, wherein 

, 1 2 said first diffusion includes 

^Jj 3 top and side surfaces covered by a dielectric 

4 material, 

jLjfisS a borderless opening at least through a portion 

ff 6 of the dielectric material on said top surface, and 

7 a first diffusion contact formed in the 

~ ' 8 opening . " ~ " " ~ ' 

gg ]_ 42 . A transistor as recited in <jl<aim 18, wherein - 

r>. said second diffusion includes 

J 3 top and side surfaces covered by a dielectric 

2 ** iJ jPf 4 material, . . 

|j 5 a borderless opening at least through a portion 

of the' dielectric material on said top surface, and 
a second diffusion contact formed in the 



yj 8 opening . 



43. A transistor as recited in claim 18, wherein 
said gate structure includes 

top, bottom and side surfaces covered by a 
dielectric material, 

a borderless opening at least through a portion 
of the dielectric material on said top surface, and 

a gate contact formed in the opening. 

44. A transistor as recited in claim 18, wherein 
said first diffusion, said second diffusion and said 
gate structure each include a borderless contact. 
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